Allergic diseases such as asthma, allergic rhinitis, and atopic dermatitis are heterogeneous diseases characterized by multiple symptoms and phenotypes. Recent advancements in genetic study enabled us to identify disease associated genetic factors. Numerous genome-wide association studies (GWAS) have revealed multiple associated loci for allergic diseases. However, the majority of previous studies have been conducted in populations of European ancestry. Moreover, the associations of single nucleotide polymorphisms (SNPs) with allergic diseases have not been studied amongst the large-scale general Korean population. Herein, we performed the replication study to validate the previous variants, known to be associated with allergic diseases, in the Korean population. In this study, we categorized three allergic related phenotypes, one allergy and two asthma related phenotypes, based on self-reports of physician diagnosis and their symptoms from 8,842 samples. As a result, we found nominally significant associations of 6 SNPs with at least one allergic related phenotype in the Korean population. [BMB reports 2012; 45(5): 305-310]
INTRODUCTION
Allergic diseases are complex ailments caused by crosstalk between multiple genes and environmental factors (1). According to a recent report from the World Allergy Organization (WAO), the prevalence of allergic diseases is rising dramatically on a global scale (2). Allergic diseases brought the significant burden of global morbidity and mortality in the world and are regarded as one of the major contributors to the considerable drain on health budgets of developed and emerging economies (2). Given the reports from the Korean National Health and Nutrition Examination Survey (3), the prevalence of allergic diseases is increasing in Korea, and the prevalence of asthma, allergic rhinitis and atopic dermatitis in adult population are 7.6%, 11.9% and 2.95%, respectively. Therefore, it is valuable to identify genes or loci associated with allergic diseases for understanding underlying complex mechanisms of diseases. Numerous previous genetic studies have been conducted using linkage designs and candidate gene association studies to elucidate etiology of allergic diseases (4). Although these cases provide strong evidence for the involvement of genetic factors in allergic diseases, identifying these susceptible genes has been a challenge. A number of genome-wide association studies (GWAS) have been conducted for various allergic disease/phenotypes, including asthma (5-12), atopy (13), atopic dermatitis (14), serum IgE levels (15), eosinophilic esophagitis (16), and plasma eosinophil count (17). However, most of these GWASs have been focused primarily on samples of European origin. Currently, more than two dozen GWAS for asthma and allergic disease have been performed (18). However, few GWAS have been conducted in populations of racial and ethnic minorities. Moreover, several prior studies reported significant discrepancies in allele frequencies of the variants and differences in genetic architecture between European and Asian (19, 20) . In this context, we conducted the replication study on allergic disease amongst an Asian population.
RESULTS

Description of KoGES for KARE project in its relation allergic phenotypes
The Korean Association REsource (KARE) was established as a part of the Korean Genome and Epidemiology study (KoGES Average ages of male and female were 51.78 ± 8.78 (SD) and 52.61 ± 9.01 (SD), respectively. Female participants were 52.7% (N=4,659) of all subjects, 5.5% and 2.2% of these had allergy and asthma diagnostic history, respectively. The characteristics of the study are shown in Table 1 .
Comparison analysis between previous GWAS results and KARE
To gain insight into the genetic influence of previously allergic diseases associated loci in an Asian population, we conducted a replication study for those known candidate loci in the Korean population. From GWAS catalog, 46 significant associations of 12 independent GWA studies on allergic diseases were retrieved. Supplementary Table 1 shows the summarized information of all 46 known associations. For comparison analysis, we retrieved the corresponding SNPs comprising directly genotyped, imputed genotype and proxy SNPs in LD (r 2 ＞ 0.8). As a result, 32 SNPs were available in KARE (Supplementary Table 1 ). As expected, difference in allele frequencies across populations was observed. For example, the SNPs including rs1342326, rs17525472, rs3184504 and rs4815617 are monomorphic in Asian populations. Due to this disparity in allele frequencies, those loci were not able to directly compare to those of SNPs in our dataset. We defined SNPs with P values less than 0.05 as a replicated result. Given these criteria, we observed 6 replicated SNPs in total. We summarized the comparison analysis (Supplementary Table 2 ) and the replicated results (Table 2) . We successfully replicated three allergy phenotype associated SNPs comprising rs12619285 (near IKZF2; IKAROS family zinc finger 2), rs1295686 (at IL13; Interleukin 13) and rs2073643 (at SLC22A5; solute carrier family 22 (organic cation/carnitine transporter), member 5). In asthma phenotypes, rs13106227 (at SHROOM3; shroom family member 3) for both asthma I and asthma II, rs2416257 (at WDR36; WD repeat domain 36 and near TSLP; Thymic stromal lymphopoietin) for asthma II and rs3806932 (near WDR36) for asthma I were replicated in our study. In order to scrutinize the reason for replication failure of 26 SNPs, the statistical power was calculated. The power analysis revealed that 26 non-replicated SNPs in our study would be detected due to the lack of statistical power (Supplementary Table  2 ). All 6 replicated loci have relatively high statistical power (0.56-0.86) for the disease association while the power of the remaining variants was found to be relatively low (＜ 0.47).
Since the statistical power is the main reason for non-replication, we performed an alternative association analysis. Gene-based association analysis is a well-known approach for testing the association between multiple markers within gene region and a trait. It is known to be more powerful than the classical single marker association test under the condition of genetic architecture (21). We performed a gene-based association test for the candidate gene regions near previously reported 46 variants. We observed significant results (P-value ＜ 0.05) at the loci near replicated variants from single SNP analysis in one or more allergic disease related phenotypes (Supplementary Table  3) . Unfortunately, however, we did not observe any newly replicated locus that is not listed in the single SNP analysis.
